The main New Zealand islands contain four native nodulating legume genera, Carmichaelia, Clianthus, Montigena and Sophora (Heenan, 2000; Heenan et al., 2001 Heenan et al., , 2004 Wagstaff et al., 1999) . The genus Sophora belongs to the polyphyletic tribe Sophoreae (family Fabaceae) and is characterized by relatively simple yellow flowers with free stamens and unspecialized pinnate leaves (Heenan et al., 2004) . A taxonomic revision of New Zealand Sophora recognized eight endemic species, S. chathamica, S. fulvida, S. godleyi, S. longicarinata, S. microphylla, S. molloyi, S. prostrata and S. tetraptera (Heenan et al., 2001) . The Sophora host species investigated in this study for their root nodule bacteria were S. longicarinata, S. microphylla and S. prostrata. S. microphylla are trees up to 25 m high with leaves up to 15 cm long and 30-50 leaflets, whereas S. prostrata is a shrub that is easily distinguished by its short leaves and fewer leaflets (Heenan et al., 2001) . S. longicarinata is characterized by numerous and small leaflets that are distant from each other, uniform in size, dark green, glabrous or with a few appressed hairs, and with distinct petiolules (Heenan et al., 2001) .
Previous studies investigating the nitrogen-fixing symbionts of Sophora species revealed the presence of Mesorhizobium, Rhizobium and Phyllobacterium species inside their root nodules (Jiao et al., 2015a, b; Weir et al., 2004) . As part of a continuing study on native New Zealand legumes, and their associated rhizobia, 48 strains were isolated from surface-sterilized root nodules of Sophora species originating from natural ecosystems. Sequence analysis showed that all isolates belonged to the genus Mesorhizobium and that they grouped in seven different clusters . Recently, two clusters were identified as two novel Mesorhizobium species, Mesorhizobium waimense and Mesorhizobium cantuariense . In the present study, 31 strains originating from S. microphylla, S. prostrata and S. longicarinata root nodules collected from Marlborough, Westland, Otago and Canterbury were selected for further investigation using a polyphasic approach. Strains ICMP 19560 T , ICMP 19523 T , ICMP 19535 T , ICMP 19545 T and ICMP 19512 T have been deposited in the BCCM/LMG bacteria collection (http://www. belspo.be/bccm) and the HAMBI Culture Collection, University of Helsinki, Finland (http://www.helsinki.fi/hambi/). All strains were subcultured on yeast mannitol agar (YMA) medium (Vincent, 1970) at 28 8C unless otherwise indicated.
For PCR, genomic DNA of all isolates was prepared using the standard Qiagen-Gentra Puregene DNA Purification kit as described previously . Nearly fulllength amplicons for the 16S rRNA gene were obtained for all strains using the primers and conditions described by Tan et al. (2015) . The resulting 16S rRNA gene sequences were aligned using the MEGA 5 software package and phylogenetic trees were reconstructed with the maximumlikelihood (ML) method and neighbour-joining (NJ) method with Tamura three-parameter model with G and I substitutions (Tamura et al., 2011) . Bootstrap analysis with 500 replicate datasets was performed to assess the support of the clusters. The overall topologies of the phylogenetic trees obtained with the ML and NJ methods were similar (data not shown). The strains formed four novel branches within the genus Mesorhizobium (Fig. 1 Kim et al., 2012) . Analysis of glnII (484 bp), recA (342 bp) and rpoB (769 bp) gene sequences was based on the method described by Tan et al. (2015) and the new sequences were deposited in NCBI (accession numbers in Table S1 ). Sequences were aligned using the MEGA 5 software package (Tamura et al., 2011) and phylogenetic trees were reconstructed using the ML method, with the Tamura-Nei model and GI substitutions. Bootstrap analysis with 500 replicates was performed to assess the support of the clusters. The existence of congruence among the different gene sequences was investigated using partition homogeneity tests (Farris et al., 1994) performed with PAUP v. 4.0b10 (Swofford, 1991) . Congruence (P.0.01) was found among all investigated genes and subsequently concatenation using the software SeaView v. 4.0 was performed (Gouy et al., 2010) . The phylogenetic tree based on the concatenated glnII, recA and rpoB gene sequences of all strains (Fig. 2) (Table S2 ).
Enterobacterial repetitive intergenic consensus PCR (ERIC-PCR) fingerprints were obtained as described previously (Versalovic et al., 1994) and analysed using the Phoretix 1D Pro v12.2 software package. Similarity among the digitized profiles was calculated using the Dice coefficient (Dice, 1945 ) and a UPGMA dendrogram was derived from the similarity matrix. The Dice coefficient is used as a general measure of similarity [if two lanes are identical, Distance (D)50 and if two lanes are totally different, D51] but gives more weight to matching bands. Fig. S1 shows the ERIC-PCR fingerprints of all Mesorhizobium isolates investigated in this study. The fingerprints suggest that the isolates represent six genetically different clusters with one outlier (ICMP 19537) due to fingerprint quality. Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS was performed as described previously 
Mesorhizobium temperatum SDW018 T (AF508208)
Mesorhizobium mediterraneum LMG 17148 T (L38825)
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Mesorhizobium chacoense LMG 19008 T (AJ278249)
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Mesorhizobium amorphae ACCC 19665 T (AF041442)
Mesorhizobium waimense ICMP 19557 T (KC237387)
Mesorhizobium abyssinicae AC98c
Mesorhizobium hawassense AC99b T (GQ847899)
Mesorhizobium plurifarium LMG 11892 T (Y14158)
Mesorhizobium silamurunense CCBAU 01550 T (EU399698)
Mesorhizobium shonense AC39a T (GQ847890)
Mesorhizobium thiogangeticum SJT T (AJ864462)
Bradyrhizobium elkanii USDA 76 T (U35000) Five novel Mesorhizobium species (Wieme et al., 2012) . All conditions were as previously described except that YMA growth medium was used to culture the strains prior to protein extraction (Wieme et al., 2012) . All strains representing these novel species formed distinct clusters that could be distinguished from the strains representing the closest neighbour M. ciceri (Fig. S2 ).
Phenotypic analysis was performed on YMA medium at 28 8C unless otherwise indicated. Cells were Gram stained (Vincent, 1970) . Cell morphology and motility were observed by phase-contrast microscopy. Oxidase activity was detected by immersion of cells in 1 % N,N,N9,N9-tetramethyl-p-phenylenediamine solution and catalase activity was determined by flooding a colony with 10 % H 2 O 2 and checking for the presence of bubbles. Biochemical tests were performed by inoculating API 20NE and API 20E strips (bioMérieux) and Biolog GENIII MicroPlates (Biolog), according to the manufacturers' instructions. GENIII MicroPlates were read using the MicroStation ID System reader (Biolog). Growth was tested at 28 8C in yeast mannitol broth with 1-8 % (w/v) NaCl and at pH 4-9, buffered with acetic acid/sodium acetate (pH 4-5), citric acid/Na 2 HPO 4 (pH 6-7), NaH 2 PO 4 /Na 2 HPO 4 (pH 8) or Tris/HCl (pH 9). Growth on YMA medium was tested at 4, 7, 15, 20, 25, 28, 30 and 37 8C. Colonies were visible after 48 h of growth at 15-30 8C on YMA medium. The results of the phenotypic and biochemical tests are given in Table 1 and Table S3 . Most notably, weak positive reactions were recorded for glucuronamide and lithium chloride, and negative reactions for N-acetyl neuraminic acid, citric acid, stachyose and mucic acid. Antibiotic susceptibility tests were performed on YMA medium using the antibiotic Sensi-disc dispenser system (Oxoid) with bio-discs (Oxoid) containing ampicillin (10 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg) and streptomycin (25 mg). All strains were grown on YMA for 72 h prior to testing. The plates were incubated at 28 8C and read after 2-7 days. All strains investigated were resistant to ampicillin and sensitive to streptomycin. Species-dependent reactions were also recorded and are detailed in the species descriptions.
The whole-cell fatty acid composition was analysed and the fatty acid methyl esters were extracted according to the MIDI protocol (http://www.microbialid.com/PDF/Tech Note_101.pdf). All characteristics such as temperature, medium and physiological age (overlap area of the second and third quadrant from a quadrant streak) were as in the MIDI protocol. The profiles were generated using an Agilent Technologies 6890N gas chromatograph, identified and clustered using the Microbial Identification System software and MIDI TSBA database version 5.0. Fatty acid profiles are listed in Table 2 . The most abundant fatty acids of the novel strains were C 18 : 1 v7c (77.6-35.7 %), C 16 : 0 (33.1-15.9 %) and 11 methyl C 18 : 1 v7c (16.4-0 %). All strains lacked C 20 : 3 v6,9,12c which is characteristic for Mesorhizobium species (Tighe et al., 2000) . Additionally, there were noticeable differences between the fatty acid profiles of the Sophora strains and other Mesorhizobium type strains (Table 2 ).
For DNA-DNA hybridization and for determination of the DNA G+C content, high-molecular-mass DNA was prepared as described by Pitcher et al. (1989) . DNA-DNA hybridizations were performed using a microplate method and biotinylated probe DNA (Ezaki et al., 1989) . As described previously, the DNA hybridization values ranged from 30.1-52.1 % to 26.1-36.3 % between the novel strains and M. ciceri LMG 14989 T . To verify that the two ICMP 19535 T subgroups belong to the same species, additional hybridizations were performed between ICMP 19535 T and ICMP 19531, which gave a mean hybridization value of 84.2 %, indicating they belong to the same group. The G+C content of the DNA was determined by HPLC according to the method of Mesbah et al. (1989) using a Waters Breeze HPLC system and XBridge Shield RP18 column thermostabilized at 37 8C. The solvent was 0.02 M NH 4 H 2 PO 4 (pH 4.0) with 1.5 % (v/v) acetonitrile. Non-methylated lambda phage (Sigma) and Escherichia coli DNA were used as calibration reference and control, respectively. The DNA G+C content of the novel strains was 62.3-62.6 mol% (Table 1) , which is within the range reported for the genus Mesorhizobium (59-64 mol%) (Jarvis et al., 1997) .
The nodulation and nitrogen fixation capacity of all strains was previously studied on their original host (S. microphylla, S. prostrata or S. longicarinata) and a selection of strains was also tested on additional Sophora species, Carmichaelia australis and Clianthus puniceus, using the sterile jar system described by Tan et al. (2015) . These results confirmed that they could form effective N 2 -fixing symbioses with their original host. Additionally, strains ICMP 14330 and ICMP 19520 formed ineffective nodules on C. australis and selected strains could effectively nodulate Cl. puniceus .
The genotypic and phenotypic data presented in this study demonstrate that the 31 strains isolated from New Zealand native Sophora root nodules represent five novel species in the genus Mesorhizobium, for which we propose the names Mesorhizobium calcicola sp. nov., Mesorhizobium waitakense sp. nov., Mesorhizobium sophorae sp. nov., Mesorhizobium newzealandense sp. nov. and Mesorhizobium kowhaii sp. nov. Five novel Mesorhizobium species Table 2 . Fatty acid composition of the Mesorhizobium
strains investigated in this study
All values are given as a percentage of the total composition. SF3, C 16 : 1 v7c/iso-C 15 2-OH. All strains were grown on YMA medium prior to extraction. 
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Five novel Mesorhizobium species YMB medium with 1-7 % (w/v) NaCl and at pH 6-9 at 28 uC. Detailed phenotypic and biochemical information is given in Table S3 . Sensitive to ampicillin, chloramphenicol, gentamicin and streptomycin, but resistant to erythromycin and kanamycin. The whole-cell fatty acid profile is given in Table 2 .
The type strain, ICMP 19560 T (5LMG 28224 T 5HAMBI 3609 T ), was isolated from root nodules of Sophora longicarinata from an alluvial limestone river terrace, Waima/Ure River, Marlborough, New Zealand. The DNA G+C content of the type strain is 62.6 mol%.
Description of Mesorhizobium waitakense sp. nov.
Mesorhizobium waitakense (wai.tak.en9se. N.L. neut. adj. waitakense of Waitaki river, referring to the vicinity of the river where the nodules were collected and from where the type strain was isolated).
Cells are rod-shaped (approx. 0.5-0.7|1.5-3 mm), Gramstain-negative, catalase-and oxidase-positive. Colonies are white, smooth, round, 0.5-1.0 mm in diameter and convex with entire margins on YMA medium. Growth occurs on YMA medium between 15 and 30 uC but not at 4, 7 or 37 uC. Growth occurs in YMB medium with 1-7 % (w/v) NaCl and at pH 5-9 at 28 uC. Detailed phenotypic and biochemical information is given in Table S3 . Sensitive to ampicillin, gentamicin and streptomycin, but resistant to chloramphenicol, erythromycin and kanamycin. The whole-cell fatty acid profile is given in Table 2 .
The type strain, ICMP 19523 T (5LMG 28227 T 5HAMBI 3605 T ), was isolated from root nodules of Sophora microphylla from Haast Schist rock outcrop, Waitaki River, Otago, New Zealand. The DNA G+C content of the type strain is 62.3 mol%.
Description of Mesorhizobium sophorae sp. nov.
Mesorhizobium sophorae (so.pho9rae. N.L. gen. n. Sophora botanical name of a genus of leguminous plants; N.L. gen. n. sophorae of Sophora, referring to the host from which the type strain was isolated).
Cells are rod-shaped (approx. 1.0|2.0 mm), Gram-stainnegative, catalase-negative and oxidase-positive. Colonies are light cream, smooth, round, 0.2-0.7 mm in diameter and convex with entire margins on YMA medium. Growth occurs on YMA medium between 15 and 30 uC but not at 4, 7 or 37 uC. Growth occurs in YMB medium with 1-8 % (w/v) NaCl and at pH 4-7 at 28 uC. Detailed phenotypic and biochemical information is given in Table S3 . Sensitive to gentamicin and streptomycin, but resistant to chloramphenicol, erythromycin and kanamycin. The whole-cell fatty acid profile is given in Table 2 .
The type strain, ICMP 19535 T (5LMG 28223 T 5HAMBI 3606 T ), was isolated from root nodules of Sophora microphylla from a river outwash fan, Pororari River, Westland, New Zealand. The DNA G+C content of the type strain is 62.6 mol%.
Description of Mesorhizobium newzealandense sp. nov.
Mesorhizobium newzealandense (new.zea.land.en9se. N.L. neut. adj. newzealandense pertaining to New Zealand).
Cells are rod-shaped (approx. 0.6-0.7|1.5-2.5 mm), Gramstain-negative, catalase-negative and oxidase-positive. Colonies are white, smooth, round, 0.2-0.7 mm in diameter and convex with entire margins on YMA medium. Growth occurs on YMA medium between 15 and 30 uC but not at 4, 7 or 37 uC. Growth occurs in YMB medium with 1-8 % (w/v) NaCl and at pH 4-9 at 28 uC. Detailed phenotypic and biochemical information is given in Table S3 . Sensitive to chloramphenicol, gentamicin and streptomycin, but resistant to ampicillin, erythromycin and kanamycin. The whole-cell fatty acid profile is given in Table 2 .
The type strain, ICMP 19545 T (5LMG 28226 T 5HAMBI 3607 T ), was isolated from root nodules of Sophora prostrata from an alluvial limestone river terrace, Waima/Ure River, Marlborough, New Zealand. The DNA G+C content of the type strain is 62.6 mol%.
Description of Mesorhizobium kowhaii sp. nov.
Mesorhizobium kowhaii (kow.hai9i. N.L. gen. n. kowhaii of kowhai, indigenous Maori name for Sophora, from which the type strain was isolated).
Cells are rod-shaped (approx. 1.0|1.5-2.0 mm), Gramstain-negative, catalase-negative and oxidase-positive. Colonies are cream, smooth, round, 0.7-1.2 mm in diameter and convex with entire margins on YMA medium. Growth occurs on YMA medium between 15 and 30 uC but not at 4, 7 or 37 uC. Growth occurs in YMB medium with 1-8 % (w/v) NaCl and at pH 5-9 at 28 uC. Detailed phenotypic and biochemical information is given in Table S3 . Sensitive to gentamicin and streptomycin, but resistant to ampicillin, chloramphenicol, erythromycin and kanamycin. The whole-cell fatty acid profile is given in Table 2 .
The type strain, ICMP 19512 T (5LMG 28222 T 5HAMBI 3603 T ), was isolated from root nodules of Sophora microphylla from an alluvial greywacke river terrace, upper Rakaia River, Canterbury, New Zealand. The DNA G+C content of the type strain is 62.4 mol%.
